Spatial relational terms like above are defmed with respect to a reference frame. Reference frames are imposed on reference objects and define the space in which to search for a located object. Reference frames have a number of parameters that must be set during spatial term assignment, including origin, scale, and orientation. Previous research has shown that a functional relationship between objects in the scene influences the selection of a reference frame (Carlson-Radvansky & Radvansky, 1996) .However, because this work operated at the level of the reference frame, generalizing across various spatial terms, it is unclear how function had its influence. One possibility is that function influences how the parameters of a reference frame are set. Consistent with this idea, Carlson-Radvansky, Covey,and Lattanzi (1999) showed an influence of function on where the origin of a reference frame was imposed. The present paper demonstrates that function also influences how the orientation of the axes of a reference frame is set. The implications for setting multiple parameters of a reference frame are discussed.
Spatial relational terms like above are defmed with respect to a reference frame. Reference frames are imposed on reference objects and define the space in which to search for a located object. Reference frames have a number of parameters that must be set during spatial term assignment, including origin, scale, and orientation. Previous research has shown that a functional relationship between objects in the scene influences the selection of a reference frame (Carlson-Radvansky & Radvansky, 1996) .However, because this work operated at the level of the reference frame, generalizing across various spatial terms, it is unclear how function had its influence. One possibility is that function influences how the parameters of a reference frame are set. Consistent with this idea, Carlson-Radvansky, Covey,and Lattanzi (1999) showed an influence of function on where the origin of a reference frame was imposed. The present paper demonstrates that function also influences how the orientation of the axes of a reference frame is set. The implications for setting multiple parameters of a reference frame are discussed.
Everyday tasks often require spatially locating one object with respect to another, such as placing a coffee mug under a coffee pot. In English, we can describe the spatial relationship between these objects with locative prepositions, such as below, as in The mug is below the coffeepot. Spatial terms specify the location of one object (the located object) by referring to the known location of a second object (the reference object). In the above sentence, coffee pot is a reference object, and mug is a located object. According to many theories of spatial relations, finding the located object involves starting at the reference object, moving in the direction specified by the spatial relation (e.g., below), and searching the surrounding space for the located object (Logan & Sadler, 1996 ; see also CarlsonRadvansky & Irwin, 1994; Carlson-Radvansky & Logan, 1997; Garnham, 1989; Herskovits, 1986; Levelt, 1984) .
The direction indicated by a spatial relation is defined with respect to a reference frame. For projective spatial relations, such as above and below, a reference frame is defined as a set of three coordinate orthogonal axes whose intersection point is the origin (Miller & Johnson-Laird, 1976) . Reference frames have a number of parameters, including scale, orientation, and direction (Logan & Sadler, 1996) . Scale defines units of distance. Orientation specifies whether a given axis corresponds to the above/ below, front/back, or left/right dimension. Direction defines the endpoint of each axis (e.g., which endpoint is above on the vertical above/below axis).
These parameters are not fixed but can be set according to various sources ofinformation. This results in three different types ofreference frames (Farah, Brunn, Wong, This work was supported in part by NSF Grant SBR97-27638. We thank Melissa Byerly, Natalie Hupf, Erin Lum, and Dasia Webster for help with data collection and Eric Covey for help throughout the project. Correspondence concerning this article should be addressed to L. A. Carlson-Radvansky,Department ofPsychology,University ofNotre Dame, Notre Dame, IN 46556 (e-mail: laura.c.radvansky.2@nd.edu). Wallace, & Carpenter, 1990; Fillmore, 1975; Friederici & Levelt, 1990; Hinton & Parsons, 1988; Levinson, 1996; Miller & Johnson-Laird, 1976) . Using Levinson's taxonomy, the relative reference frame is based on the viewer of the scene, the intrinsic reference frame is based on the reference object, and the absolute reference frame is based on salient properties of the environment.
Given different reference frames for defining spatial relations, much research has focused on identifying factors that influence the selection ofa reference frame. Some of these factors include the presence of a functional relationship between the located and the reference objects (Carlson-Radvansky & Radvansky, 1996) , coordination between speaker and listener (Schober, 1993) , the size of the environment being described (Taylor & Tversky, 1996) , and aspects of the individual objects in the scene, such as movement (Fillmore, 1975; Levelt, 1982) . The goal of the present paper is to determine more precisely how a functional relationship between the objects influences the apprehension of spatial relations.
configurations involving that object. For example, according to Herskovits, one can say "the potato in the dish," but not "the potato in the tray." Although a tray and a dish have fundamentally the same shape, the different functions that these objects fulfill (containment vs. support) lead to different conceptualizations of the objects and, hence, to a difference in the applicability of the spatial relation in to describe the spatial configuration. Carlson-Radvansky and Radvansky (1996) tested whether object function would influence the manner in which spatial configurations were described by building on the suggestion that spatial terms defined by the intrinsic reference frame focus attention on the objects and are thus more functional (Miller & Johnson-Laird, 1976; Ullmer-Ehrich, 1982) . If so, the presence of a functional relationship between the located and the reference objects should result in a preference for describing the objects' spatial layout with intrinsic terms. To test this prediction, Carlson-Radvansky and Radvansky showed participants pictures of functionally related objects in a typically interactive spatial configuration (e.g., a mail carrier facing a mailbox). The intrinsic reference frame described the spatial configuration between the objects with a particular spatial term (i.e., front), but the relative/absolute reference frame described the same configuration with a different spatial term (i.e., left). The participants rated sentences containing intrinsic terms as more acceptable descriptions ofthe pictures than were sentences containing relative/absolute relations, even though both descriptions could be used. In contrast, when the participants were shown pictures containing the same objects in a noninteractive configuration (e.g., a mail carrier facing away from a mailbox), they rated sentences containing the relative/ absolute relations as more acceptable than sentences containing intrinsic relations. Note that because the same objects were used, the change in preference for selecting a reference frame was due to a change in the depicted interaction between the objects. Similarly,when the participants were shown pictures containing unrelated objects in a potentially interactive configuration (e.g., a mail carrier facing a birdhouse), they rated sentences containing relative/ absolute relations as more acceptable than sentences containing intrinsic relations. Note that because the same configuration was used, this change in preference can be attributable to a change in the identity of the objects. Thus, there seem to be two sources of functional influence on reference frame selection: whether reference and located objects are presented in a typically interactive manner and whether they are related.
FUNCTIONAL INFLUENCES ON
SETTING THE PARAMETER OF A REFERENCE FRAME Carlson-Radvansky and Radvansky (1996) examined the influence of function on reference frame selection at the level of the reference frame, showing general preferences for using one reference frame over another without FUNCTION AND ORIENTATION 813 regard to the particular terms being used. Given the design of the experiments, an analysis of how function had its influence was not possible. For example, the assignment of spatial relations to reference frames was not balanced. The set of intrinsic terms used to describe the pictures included above, front, and behind; however, the set of relative/absolute terms used to describe the pictures included above, left, right, and below. Moreover, the pairings of the terms were not crossed. For example, intrinsic above was always paired with relative/absolute left. As such, any analysis across reference frames necessarily occurs across the different axes of the reference frames and across different endpoints of these axes. This makes it difficult to isolate the locus of the effect from underlying preferences for using different axes and different endpoints. The goal of the present paper was to test the idea that function has its influence in setting the parameters of a reference frame. Recently, Carlson-Radvansky, Covey,and Lattanzi (1999) showed that function influenced the placement of the origin of the reference frame. In their Experiment 2, they presented subjects with pictures of a piggy bank (the reference object). Across trials, a coin (the located object) was placed in various locations around the piggy bank. Subjects rated the acceptability of the relation above as a description ofthe relationship between the coin and the piggy bank. This methodology elicits a spatial template (Logan & Sadler, 1996) , a parsing of space into good, acceptable, and bad regions corresponding to the applicability of the spatial relation. The good region is generally considered the best use ofthe spatial relation and corresponds to placements along the axis of the reference frame. As such, the peak of the template can be used as an index to the location of the reference frame. The critical manipulation was the location ofa functional part of the piggy bank (its slot). Across subjects, it could appear at the back, in the middle, or at the front of the bank. The results were that the peak in the spatial template corresponded to the location of the slot. For subjects with the slot in the back ofthe piggy bank, the highest ratings corresponded to placements of the coin over the back of the piggy bank. For subjects with the slot in the middle of the piggy bank, the highest ratings corresponded to placements of the coin over the middle ofthe piggy bank. For subjects with the slot in the front ofthe bank, the highest ratings corresponded to placements of the coin over the front of the piggy bank. Assuming that the peak represents placements along the axis of a reference frame, these data indicate that the function of the reference object influences where the origin of the reference frame is imposed (for further discussion, see Carlson, in press ).
Object effects can also influence how the scale of the reference frame is used. Morrow and Clark (1988) showed that interpretation of the verb approach was sensitive to the nature of the interaction between the located and the reference objects. The critical manipulation was the size ofthe objects. They presented subjects with such sentences as "The mouse/tractor is approaching the gate/fence." The task was to estimate the distance between the two objects. Distance estimates were directly influenced by the size ofthe objects and their presumed zone ofinteraction. Preliminary work in my laboratory has extended this finding to the relationsfront, back, left, and right. Thus, these projective relations convey a distance that is influenced by the size of the objects and their potential interaction (Covey & Carlson, 2000) .
The goal of the present paper is to examine whether function influences the setting of the orientation parameter ofa reference frame. To test this, in the present experiment, the orientation of the vertical axes of the intrinsic and the relative/absolute reference frames were dissociated by rotating the reference object. Preferences for using the spatial relation above with respect to these orientations were collected. If function biases the orientation of a reference frame, placements with respect to the intrinsic reference frame should be preferred to placements with respect to the relative/absolute reference frame. This follows the logic used by Carlson-Radvansky and Radvansky (1996) , in which a manipulation that emphasizes the interaction between the objects should elicit a preference for the intrinsic reference frame. In contrast to the Carlson-Radvansky and Radvansky study that made comparisons across different axes (horizontal vs. vertical) and different endpoints of a reference frame, the design of the present experiment permits comparison across orientations of the same axis (vertical) and the same endpoint (e.g., above), thereby successfully isolating the orientation parameter of the reference frame.
Moreover, above is an interesting relation to use in an investigation ofthe orientation parameter. Gamham (1989) has claimed that only absolute definitions of above are acceptable, whereas Levelt (1984) suggested that intrinsic definitions are also possible. Carlson-Radvansky and Irwin (1993) used a number of tasks to show that people prefer to use the absolute reference frame to define above, with a smaller but nonetheless significant preference for using the intrinsic reference frame (see also Friederici & Levelt, 1990) . Although some manipulations increased the acceptability ofthe intrinsic reference frame (e.g., decreasing the distance between the objects, or adding other objects in the scene that were also rotated), in all cases, the absolute reference frame remained more strongly preferred. These results stand in contrast to the present prediction ofa stronger preference for the intrinsic reference frame than for the relative/absolute reference frame in the presence ofa functional relationship between the objects. Consistent with this prediction, Coventry and Prat-Sala (1998) have recently argued that above may be sensitive to functional influences, although perhaps not as strongly as other relations, such as over.
THE PRESENT EXPERIMENT
To test the idea that function influences the setting of the orientation parameter, the participants were shown sentence-picture pairs and were asked to rate the acceptability of the sentence as a description of the picture. As is shown in Figure 1 , three types of pictures were used. Panel A shows a picture containing functionally related reference and located objects (a hamburger and a mustard bottle) placed in a typical interactive configuration; this is the related /interactive condition. Panel B shows a picture containing functionally related reference and located objects in a noninteractive configuration; this is the related/noninteractive condition. Panel C shows a picture containing functionally unrelated reference and located objects (a hamburger and a bottle of ant killer) placed in the same relative orientations as those in panel A; this is the unrelated condition. Note that it is possible for the pair of objects in the unrelated condition to functionally interact. For example, someone with malicious intent may spray ant killer on the hamburger in order to poison the hamburger's consumer. For most ofthe pairs ofobjects, a plausible interaction could be envisioned. However, because an interaction for a small set of pairs seemed unlikely, we refer to this condition as unrelated, rather than as unrelated/interactive. All the participants saw pictures in the related/interactive condition. In addition, half of the participants saw pictures in the related/noninteractive condition, and half saw pictures in the unrelated condition.
Comparison ofthe related/interactive condition to the related/noninteractive condition allows an assessment of whether the possible interaction between the objects contributes to the functional influence. Comparison of the related/interactive condition and the unrelated condition allows an assessment of whether object relatedness contributes to the functional influence.
To evaluate preferences for using the intrinsic or the relative/absolute reference frame, five types of spatial configurations ofreference and located objects were used; these are illustrated in Figure 2 , using a functionally related/ interactive picture. For the two configurations in panel A, the reference object was upright in a canonical orientation; thus, the intrinsic reference frame was perfectly aligned with the absolute and relative reference frames, yielding only one definition ofabove. For these configurations, the located object could be placed either above (Placement 1) or not above (Placement 2) the reference object. Ratings of sentences containing the term above for these pictures should be very high and very low, respectively; as such, these are control conditions. For the other three configurations in panel B, the reference and located objects were rotated 90°into a noncanonical orientation, thereby dissociating the intrinsic reference frame from the coincident relative and absolute reference frames. Thus, for these configurations there were two possible definitions of above: intrinsic and relative/absolute. Accordingly, the located object could be placed above the reference frame according to the relative/absolute reference frames (Placement 3), above according to the intrinsic reference frame (Placement 4), or not above the reference object according to any reference frame (Placement 5). The predictions were that ratings for intrinsic placements ofthe located object would be greater for the functionally related/interactive pictures than for either the related/noninteractive or the unrelated pictures. In addition, intrinsic placements should be preferred over relative/absolute placements for the functionally related/interactive pictures.
METHOD
Participants Eighty University of Notre Dame undergraduates participated in exchange for course credit or for a monetary reimbursement of$6/h. Forty students were randomly assigned to the related/interactive and the related/noninteractive pictures, and 40 were assigned to the related/interactive and the unrelated pictures. All the participants gave informed consent and were naive with respect to the hypotheses.
Stimuli
Color photographs of40 objects were clipped from various magazines, catalogs, and fliers. For each reference object, a pair of objects from the same sources was also selected to serve as the located objects. Within a pair, the objects were matched in size and shape. One object in the pair was functionally related to the reference object, so that the typical interaction between the objects involved placing one object above the other object (e.g., a hamburger and a mustard bottle, a candle and a candlestick, and a mop and a bucket). The other object was unrelated to the reference object (e.g., a bottle of ant killer and a hamburger, a carrot and a candlestick, and a rake and a bucket). A complete list of reference and located objects appears in the Appendix.
All the photographs were scanned into a Dell Pentium computer and placed on a gray field. For each reference object, 15 pictures were created that contained the reference object and one of the located objects in some spatial configuration; these corresponded to the 3 relatedness conditions X 5 configurations. Ten lists were created that counterbalanced the configurations across the related/ interactive pictures and the related/noninteractive pictures. As shown in Figure I , panels A and B, the same located objects were used in these pictures, but they were placed in different orientations. Ten other lists were created that counterbalanced the configurations across the related/interactive pictures and the unrelated pictures. As shown in Figure I , panels A and C, different located objects were used, but they were placed in the same orientation. Thus, each participant saw only one type of nonfunctional picture: related/ noninteractive or unrelated. Within each stimulus list, each reference object and located object were displayed only once, and each participant saw four trials (using different objects) in each ofthe 10 conditions. Four participants were randomly assigned to each ofthe lists.
The pictures were displayed as 64 color bitmaps during the experiment. Accompanying the picture was a sentence of the form "The located object is above the reference object," with the appropriate names ofthe located object and the reference object filled in. Below the sentence was a reminder of the rating scale, with I marked as not at all acceptable and 7 marked as perfectly acceptable. 
Procedure
The participants were told that they would be seeing sentencepicture pairs and that the task was to rate the acceptability of the sentence as a description ofthe picture on a scale ranging from I to 7. Each participant performed 40 trials in a random order, and the experiment lasted about 15 min.
RESULTS
Because each participant saw functional pictures (related/interactive) with only one type of nonfunctional picture (the related/noninteractive pictures or the unre- Panel A shows the reference object in canonical orientation. Placement 1 is above according to all reference frames. Placement 2 is not above according to all reference frames. Panel B shows the reference and located objects rotated into noncanonical orientation. Placement 3 is above according to the relative/absolute reference frames. Placement 4 is above according to the intrinsic reference frame. Placement 5 is not above according to all reference frames. In the experiment, only one spatial configuration was presented on each trial. lated pictures), the data will be presented broken down by type of nonfunctional picture. Analyses with participants as the random factor are subscripted with 1; analyses with items as the random factor are subscripted with 2. A significance level ofp < .05 was adopted unless otherwise noted. Significant interactions were further explored by calculating 95% confidence intervals based on the error term of the interaction (Fisher, 1966; Loftus & Masson, 1994) .
RelatedlInteractive and RelatedINoninteractive Pictures
Mean acceptability ratings as a function of spatial configuration and relatedness are shown in RelatedlInteractive and Unrelated Pictures Mean acceptability ratings as a function of spatial configuration and relatedness are shown in Table 2 .
Reference object in canonical orientation. Acceptability ratings were submitted to a 2 (relatedness) X 2 (placement: above or not above) repeated measures ANOVA. There was a main effect only of placement [F 1(1,39) Generally, above placements were rated as highly acceptable, and not-above placements were rated as not acceptable.
Reference object in noncanonical orientation. Acceptability ratings were submitted to a 2 (relatedness) X 3 (placement: relative/absolute above, intrinsic above or not above) repeated measures ANOVA. There was a main effect of placement [F] Generally, above placements were rated as highly acceptable, and not-above placements were rated as not acceptable. On the basis of a critical difference of .3 for significance, the form of the interaction was significantly higher ratings for the above placement of the located object for the related/interactive pictures (M = 6.8) than for the related/noninteractive pictures (M = 6.1). Note that this change in preference is surprising, given that the located object is placed above with respect to all reference frames across both conditions. This difference thus reflects a preference for depicting objects in their typical interaction. There was no difference in acceptability for the not-above placements for related/interactive pictures (M = 2.0) and related/noninteractive pictures (M = 2.2).
Reference object in noncanonical orientation. Acceptability ratings were submitted to a 2 (relatedness) X 3 (placement: relative/absolute above, intrinsic above or not above) repeated measures ANOVA. There was a main effect of relatedness by participants [F,(l,39) 
DISCUSSION
The results demonstrate an increased preference for using the intrinsic reference frame to define above when the reference object and the located object were functionally related and depicted in an interactive configuration. More specifically, intrinsic placements were considered more acceptable for related/interactive pictures than for either related/noninteractive or unrelated pictures. These findings are consistent with the idea that the intrinsic reference frame emphasizes the objects and their relationship (Miller & Johnson-Laird, 1976; UllmerEhrich, 1982) . This pattern extends the results ofCarlson- Radvansky and Radvansky (1996) by showing that the functional influence operates on the orientation parameter of the reference frame, biasing it to be set with respect to the reference object, with a consequent reliance on the intrinsic reference frame.
These results also support the idea that there are two sources of the influence of function: the relatedness of the objects and the depicted interaction. Of these two, the depicted interaction seems stronger. For example, the change in preference for the intrinsic reference frame over the relative/absolute reference frames was stronger when the interaction between the objects was manipulated than when object relatedness was manipulated (cf .  Tables I and 2 ). This could be because most of the unrelated objects could potentially interact with the reference object, thereby boosting preference for the intrinsic reference frame in the unrelated condition. As such, the function ofthe reference object, independent of the identity of the located object, seems of primary importance. Additional support for this idea was recently obtained by Carlson-Radvansky et al. (1999) . Specifically, in their Experiment I, Carlson-Radvansky et al. presented pictures oflocated and reference objects to participants and asked them to place the located object above the reference object. They found that participants were biased to place both related and unrelated located objects toward the functional part of the reference object, with this bias stronger for related than for unrelated objects.
Another important finding of the present experiment was that intrinsic placements were preferred over relative/ absolute placements for the related/interactive pictures. This stands in contrast to the manipulations used by Carlson-Radvansky and Irwin (1993) that increased preference for use of the intrinsic frame but never exceeded preference for the relative/absolute reference frames. This underscores the inherent flexibility in setting these parameters and the need to understand the factors that influence how these parameters are set. It is interesting to note that the preference for the use ofthe relative/absolute reference frames remained relatively constant across all types of pictures (see also Carlson-Radvansky & Radvansky, 1996 , where changes in preferences for the intrinsic reference frame were responsible for the pattern of data). This makes sense in that the manipulations used in the present experiment were designed to emphasize the objects and their relations; as such, they should, in principle, only affect the intrinsic reference frame, and not the relative or the absolute reference frame. These findings support the idea that particular factors may interact with particular reference frames.
Note, too, that the use of particular term may also interact with particular reference frames. For example, Franklin, Henkel, and Zengas (1995) showed that the mapping oifront onto space around one's own body (i.e., the relative reference frame) is quite different than the mapping oifront onto space surrounding a model's body (i.e., the intrinsic reference frame). Thus,front is interpreted differently across the different reference frames. This points toward the need to systematically identify the factors that influence how the various parameters of a reference frame are set.
Finally, by necessity, this work isolated the functional relationship between the objects to determine whether it would significantly influence how the orientation of a reference frame was set. The results indicate sensitivity to this factor. Nevertheless, the ratings for both intrinsic above and relative/absolute above were intermediate and certainly not as acceptable as ratings for intrinsic/relative/ absolute above with the canonical pictures. Thus, while function can playa role in orienting the axes, the strength ofits influence may be mediated by other factors as well. For example, it is possible that contextual information would also bias selection of the intrinsic reference frame, in effect boosting the intermediate rating much higher. Alternatively, coordination issues between speaker and listener (e.g., Schober, 1993) may encourage use ofan alternative reference frame, thereby effectively decreasing the intermediate rating. Thus, although many individual factors have been identified as influencing the selection ofa reference frame (such as function's orienting the axes of a reference frame, as has been shown here), it certainly is the case that these factors combine in such a way that selection ofthe particular reference frame in contextrich, face-to-face communication involving spatial relations is relatively unambiguous. The challenge is to figure out how these independent factors combine.
SETTING THE PARAMETERS OF A REFERENCE FRAME
The results of this experiment illustrate an effect of function on the orientation parameter ofa reference frame. Other work has also shown a functional influence on parameter setting, such as where the origin is imposed (Carlson-Radvansky et aI., 1999) and how the scale is set (Covey & Carlson, 2000) . Such broad-based influence raises some important questions about how the individual parameters of a reference frame are set and, more generally, about how reference frames are classified. That is, if one parameter is set on the basis of a particular source of information, is that same source of information used to set the other parameters? For example, assume that function sets the orientation of the axes in accordance with the reference object. Is the scale ofthe reference frame also set with respect to the reference object? This would indicate that the parameters are dependent. Alternatively, the parameters may be independent, so that each is set in accordance with a preferred source of information. For example, orientation may be set with respect the reference object if the function of the object is particularly salient, but scale may be set with respect to units based on the distance between the viewer and the reference object. If so, one parameter would be set with respect to the intrinsic reference frame, whereas another parameter would be set with respect to the relative reference frame. Finally, note that such independence would have consequences for classification. If parameters can be set independently, what is the basis for classifying reference frames with respect to one parameter (e.g., orientation), when other parameters may be defined with respect to different sources of information?
In summary, the results of this experiment suggest ( I) that function influences how the orientation of a reference frame is set, (2) that preferences for using particular spatial relations are extremely flexible and that different factors may affect different reference frames, and (3) that understanding how the parameters ofa reference frame are set is critical to understanding reference frame selection.
